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ABSTRACT

A soil c.llronosccjum  Ice is a quantitative clcscril>-
tion of how t,hc properticm  of soils ill fr given area
change  Wit}l ti]lm.  C,llro]]oscc~ll[:l]ccs  are  iln~>orta]lt,
for several reasons, includi]lg  t,lleir  use as a tool
f o r  dating  Quatm-llary  landfcmns  s u c h  as stream
tmracns,  and should be included in earth-science
educat,im].  A n  cxcxdlcnlt ii]dcx  o f  s o i l  age  is t}m
thickness of pedogcmic  calci~ll]~-carb]~at~:  coatings
0]1  the bottoms of IKMICS  in gravelly  soils.  Cjoating
thicknms  is a silnl)lc and qualltitativ<,  soil ~,roI>-
erty  ru~d  t]lus is }m-titularly usefu]  for educational
purposes. W e  dcve]o])  the general subject by coll-
str-uctil]g  a soil cl IroJwscxlucIw.  e for tl]e I Ost River
Val ley  of  ldaho  using this il~dcx.  Re~,roducibility
analys is  indicates  that ,  tlIe n]eal]  of thicklmss
nmasurcmcnis  of coat,il lgs froln  tile carbonate soil
hor izon slIould  be acwuratc  to within 10 or 2(P?0.
l%e coatings have thickcnwcl throug]l  t.lm 1 lolocmm
and latnst  1 ‘Icistoccnm,  but sllort-terll]-t}~  ickeI]i~]g
rates have varied  betwcmI  1.1 n; Id =0.4 11111~1  O ky.
1 .ong term ratm are 6 f 1 x 1 0“”  IIIIl~y,

Kcywoids:  Gcocllrollology;  surficirr] geology  -
soils.
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soils are  COIII~JICX  Cllvirc)l]lll{:llt,til  systmIIs,  rIIId

s o i l  scimltists  o f t e n  wriiz  oIIly  for  tx:cllllical  audi-
ences.  For thmc  rmso]ls,  it crrl~ be difficult for cduca -
tms t,o itlcorJJorat2  tile s u b j e c t  o f  s o i l s  i]]to  t,lleir
curri,mla.  ‘J’hc ~mrpose of {Jliri  ~m~rer is to p r o v i d e
educators and stuclcnds  with a sil])l)]c  mld colnplc{n
example of a soil chrollosoqum  ice. ‘1’lw c]ual]tit,ativo
index  of soil age  used is si]n~)ly  tl]c! tl]ickness  of ~~cdo-
genic  calc ium-carbonate  coatings  on tllc bottmns of
pebbles  in gravelly soils. AI~yoIIe can make t,lm nlcas-
urmi)e]]t  ruld  it does  IIot, r e q u i r e  e x p e n s i v e  cqui])-
Inmt.

‘l”he  value  of tl]is  ]m]wr  to tlm educritor  is twofold.
First., a big]] school or college lmture  caI 1 be ~n-e]mrecl
On the subject using tlm text for brickgrmnld  informa-
t ion rulcl  t.lm figures as cxrunplcw.  111  addi t ion  10 the
general idea that soils cllangc throug]l  time,  other cQll-
cepta  can  be ilmn-poratcd,  inc]uciit lg the in]portruws  of
reproducible  nmasurmnents,  the me of str-atigrfrphic
and cmwwutt  il lg rel rrtions]  I i] m irJ dab] is] I relative rice,
and numerical -  (“a bso]utt’”)  agc cletmlni]latioll.  Al-
t h o u g h  o u r  result  is rr gmc}lrol]ology  tml s~wcific to
o u r  study  arcrr, pcdogcmic  calci~lll~-carbo~~ati  c o a t -
i n g s  011 the bottmns  of ~mbblcs arc conlInonly  found
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in soils throughout. arid regions of the w e s t e r n
United States. ‘J’l]crefore,  this paper can be used as
background for dcx’eloj)i~ig  a field  exercise to deter-
mine  t] IC relative a[<cs of stream terraces in your
backyal  d. If tl)c soils  ill y o u r  area  d o  n o t  contain
pedogm ,ic carbw  la(c,  weathering rinds on stones is
an altl,rl]ative  critm-ioll  arid l)irkeland  ( 1 9 S 4 )  d i s -
cusses i~ and other sc)il  ]mope~ies  that,  are dependent
on time

Afk]  all il]tmducti(,]  I to tile subject, tile discussion
Mow iollows tllc stcj)s  for d e v e l o p i n g  a  chrono-
Sequc!n  [e: 1) familiar i~i)lg  onesc]f  with the study
site al)d  local soils, 2) choosing a til]le-cle~lellclellt
s o i l  pro~)erty,  3) verifyi]  Ig t}le rcl i abi l i ty  or  rcpro-
clucibi]it  y of t}lat  ]no~m-t y’s Incasurc]nent,  and 4) in-
corl)or~,ti]lg  ]Ju]l]t,rical-rrge  co]lstraint,s  i n t o  t h e
c}lro~]os,’c]t]cl]ct>.  W{! co]]clucle  by illustratil)g  tile use-
fult]ess  of the cllrc)]lc)s(’cll]ellce.

Introduction
Soils clIallg[,  wit}] tilne,  and,  tllercf ore, it is possi-

b l e  to (sti~natc  tllo  age of  a  soi l  by alla]  yzing  i t s
dcgrcc:  of dcvclo~n Ilcllt. ‘J’lIc age of a soil is tile time
ela]md  since it started to devclo}),  arid  it is also the
age of (Ile  host d[,jmsit  if it h a s  r e m a i n e d  s t a b l e .
l)e~msil iollal larldfonns , SUCII  as stream terraces, are
stable  if sc~[lil]ic:l]t:tti[)~l  stoJm a~ld  e r o s i o n  d o e s  n o t
subsequel]tly  alt<~r tll[ dcjmsit  or its surface. I’ropcr-
ties of soils  on stal ,1{, surfaces change ~n-ogressively
mId ]mdictably  wit]] t ilne. ‘1’llis  allows  the scientist
to study soils  011  lalldfcm]w  that are similar but have
differc]  I ( ages i] I order  to dmmlop  a chrollosequcnce,
which is a qualltitntivc  dcscri~iion  of how the prop-
er t ies  (If soils ill a ~ivell  a r e a  c h a n g e  w i t h  t i m e
(l~irkel::lld,  1990).  Af{~’r a cllro)loseclueI~ce  is defined,
it CaII Im used to  d(terlnille  tl]e r e l a t i v e  a g e s  o f
nearby  soils of UIlkIIOWII  ago. in addition, accurati
est.ix aatj :s of soil age  aIId ratm  of soil formation can
be cletirmincd  if Ilu]llcrical-age  constraints  can be
incorpc)],aisd  into t h e  c})ronosecplence.  Nun~erical  -
a g e  col)straints  include  r a d i o c a r b o n  (]4C)  isotnpic
ages  of  charcoal  that call be slIown  in the field tQ
predate or postdate a dc])c)sit  ancl  its soil.

Cim,l  iosequmcws  arc important for t}lrec  reasons.
First,  t 1 Iey ea~~  lle]p  our understanding of the very
lmocms[s  that for~l,  soils (for example, scw Chadwick
and otJl{:rs,  1990).  h’ext, they  can be used as a tool to
corrclrrt  c and datm  st r[,al n t e r r a c e s  forn]ecl  by re-
gional  climato  chal  Igc ( f o r  cxam~)le,  see I\ull, 1991).
lastly, they call  be Ils[d to cstatrlish  the age of local
events, such as a ~)rillistcn-ic  faulting that ruptured
strealn  W-races (for” exalll])lc,  sec hlachette,  1 978).

Journal of Geological Education, 1994, v. 42, p. 316



Construction of a Soil Chronosequence  Using the Thickness of Pcdogcrric  Carbonate Coatings .
——.-. —— — ——. ..—

Figure 1. Photograph of pebbles with calcium carbonate coatings from soils of differing age. Sample A is from a soil
less than 1,000 years old. Samples B and C am  from a soil about 18)000 years old, and sample D is from a soil more
than 100,000 years old. The thickness of Iaminar coatings (labeled in millimeters) are measured where the coatings
are the thickest, Thicknesses should lx measured where the coatin~ surface is smooth and internal laminations are
parallel to the contact of coating and pebble. Coatings shcnrld be avoided if they have bumps or pendants like the
coatings on sample B or on the left sid-e of sample D.-

Specific soil properties depend not only on t,ime,
but also oll local  climati,  vegetation, topography and
the parent  material (Jenny, 194 1; Birkelrmcl,  1984),
Important factors of the parent material, stream de-
posits in this case, include the lithology  and sizes of
sediment particles. Consequently, if the objective is
to build a chronosequenc.e,  the scicmt,ist  must  se lect
those soil properties most dependent on time and
restrict their study to soils that have the same vege-
tation and parent matmial,  for example, In addition,
a chronosequence  may be simple or comp] icatcd  be-
cause soils in different regions may have a few or
many time-dependent properties. At son-m locations,
for example, an index of soil development might need
tQ be constructed using several proper-ties such as
soil color, clay content, and soil structure (1 Iarden,
1982). But properties like color or structure are chal-
lenging to cluantify,  In the semi-arid environment of
Idaho, however, the thickness of calciunl-carbonatil
coatings on pebbles from within  the soil @’igure  1 ) is
the single most useful property, and it is easy to
quantify (1’ierce  and Scott, 1982).

Stuc{y Site
Our study area is tl)c 1 ast River Valley  of east-

central 1 daho.  ‘1’his  elongate graben  is bounded on
the llort  beast by tl}e 1 at River Range; both were
forlned  during the ],as(  six million years by normal
faulting along tile active  1 fist. l{ivcr  fault (Scott and
others, 1985). ‘1’hc  ~iltih~dc at the base of the moun-
tain is :ibout 2,100 n), and  t}]e a lpine summits  r ise
above 3,700 m. lledrcrk  is mainly I’recambrian  and
I’alec,zoi[ dolom ites, lil nestones,  and quart,zites.  l’he
alluvial valley cont,ail]s  tile last River and its late
Quabml:iry  river tmraces,  bu{, i t  is  dominated by
alluvial fans slicd frmn t,}lc adjacent mountains at
various times ciuril lg tl)c Quatarnary  (Scott, 1982).
‘lThc alluvial surfaces su],}xwt  cold-desert vegetation
dorninat<,d by sage brush  (Arkmiskt  tridentatcr)  and
bunch g, asses. hflea~~  ::1 ]nual  tem]wrature  in the area
is about  3°C, a~ld  mea]] a~)nual precipitation is ap-
proximaic]y  25 cm.

‘Jle study  sites arc a l l  located c lose  to the 1 mst
River fa[)lt and betwem,  1 ower  Cedar Creek (near the
towJ 1 of Mackay) arid. Willow Creek (lhuble-Spring
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l’ass  R o a d ) .  ‘]’hc two  }Jrincipal  sites arc at F;lkhorll
Creek  and ltock Crcnk,  but clata  fro]n  otlaw  sitis  a r e
also incorporaicd  into t,llis discussion. ‘l’he stream
n a m e s  a n d  geogr~~)llie morclilmtes  n]cmtioncd  here
can be located on the following USGS tol)ographic
m a p s :  I)ickey  l’t:ak,  ]hrah  l’cak,  l+]k}lorl]  (;rcck,  a]ld
Mackay  quadrarlglos.

Character of the Study Soils
‘J’he study soils are dovelc)]ncl i] I 1 lcdoccnw  strea:n  -

krrace  and debris-flow dmosits,  and ]atmt,  }’leisto-.
cmm alluvial fans  and glacial moraines. All dcwosits
are gravelly with pebtd&  al~d cobblm occu~)ying-  30 ti
75V0  of the vo]urne  (Vilmnlt  and C h a d w i c k ,  1994).
Most of the sal~d JUld  mavel  t)articl[!s  consist  of dolo-. .
mitm  a n d  linmsknw,  and ]uost of  Llle  dqnsits  a r e
capped  by a  t h i n  (<20 cIn) clqmsit  of ecdian  dIJst.

Temporal  c.hangcs  in soil color, texture, and struc-
ture are not pronounced. ‘1’hc  promincxlt  c h a r a c -
teristic of the study soils is the lnwscmcc of scwo~ldary
calcium  carbol~at~,  w]lic]l  i s  oftml  called  ~wc]ogcmic
carbm~atc  or ealichc.

l’hrougl]out  tllc sclui-arid  rc:giolls o f  Wf?ShIVJ

North America ,  hor izons  with  calciu~u  c.arbo~late
(CaCC):+)  commo]lly  dmwlo]>  ill soils (Macllctt.e, 1985).
CalCiUnl  CIIIJ C!lltfir t]lC SOil  ill SO] UtiOIl with  rain Or
snow water. it call  dissolve within t,hc soil from linm-
stone or dolomite. or it can weather from silicate
minerals such as plagioclase,  ‘J’hc source of oxyge]~  in
pedogmlic  carbonate is watz!r, and tile source of car-
bon is atmospheric COY  that cmters  tl]c soil t,llrougll
p l a n t s  (Quadc and others ,  1989) .  As infiltrati~)g
w a t e r  m o v e s  dowl~ tllrougil  t.hc soil I)rofi]c, t,])rcc!
lnwcessos  (at, least,)  can cause the soil w~itcr to tm-.
come  saturatad  with these clc)u(!l~t.s illitiatin~  the
prec.ipit,at,io]] of  calc ium carbw  lato  (hqc}~’adcfcn;”  a]lrl
o t h e r s .  1  991).  First.  studcvlts  Inicllt Lcllt!fit  f r o m
knowi~~g  that calci~~n~  carbollat.e  ‘& the d o m i n a n t
compound in the cwa])orite  dc~wsits  (scale) that forln
i n  w a t e r  hc!atmw  al]d ti’a kc!ttlcs. 111 a d d i t i o n .  tile
depositio~~  of scale ill a tea kettle is a good  a~l~logy
for tv~o of the ~,roccsscw that cause: ],rccipitatio~l  of
calciu~~l  carbollnte  in soils. lhili]]g  of tila water  re -
sults in evaporation of watsr  al]cl thus concentration
of ions in solutioll,  al)d ultilnately  tl)is  loss of water-
v o l u m e  crul lcacl to sll~wr  saturation allcl  precipita-
tion of calcium carbcnlate.  111  soils. water loss results
f r o m  direct  cwa~wrat.icnl  fro~u tlm ‘soil  but,, more i~n -
porta~~tly, froln  the uptake of  soi l  water  by lJlant.
roots and tralm})iratiol]  of that water through plant.
leaves. ‘hvo  ot,lmr  Jnwcessm  rely on the factors that
inf luence  the volubility of the com~)ou~ld ill water.
Volubi l i ty  is  tile snturat.iol)  POil]t  or IIlriximunl  colJ-
mnt.ration  of ions in solution before ~wmipit.atioll  oc-
curs, and for calcium carbonate tile volubility in
water  is influcnwed  by tmn~w.rat  urc and carbon diox-
i de (COP) collt~llt,.  Carlwn  dioxide is more so]ub)e  in
cold watzw  than warln  water,  )nca~li~)g  colrl  water call
hold more of the c.onstitucnts  of calciur]~  carbcnlatfi.
Thus, when
creased and

watnr  i s  lwatml,  the
calciulu carbo]latfi  cal 1

Journal

volubility is de-
~)reciJ,itate  even

if tlwre is Ilo wati!r  loss. Soils exJwrience  an annual
cycle  Gf teln]m”iitur{:  (]lallgc!,  a]t.]lollgll  i,llis ~nay n o t
be the 1 I 10St illl]KJrt al~t }IJYH!SS Of d[’~”)OSitiO1l  Of Cal-

c i u m  cal bonatc.  ‘1111[: ii IilucIlcc  of (X32 011 so]ubility,
howc!vcr, is vmy i] ]I]wri.al lt. 1 ‘Imlts resJ)ire  COz through
their  rools,  al d tl lus Lilt co] KXV  ltratioll  of COZ ill soil  air
and watir  changes wi{~l tlm all~nlal  cycle of plant pro-
ductivity.  Since tl,c c[llci[llll-carb~]atc  v o l u b i l i t y  i n
water i] lcrcases  with  (X)y  contm]t, soil water call  be-
c o m e  st~turat~~cl al)d 1 ,reeipitatc  calciu~n c a r b o n a t e
wlmn })] ants  bcco]]  lc l e s s  ]Iroductive.  S o i l  nlicroor-
ganisms  can a lso  t~! itll]m-tant.  ill the lnwcil)itation
o f  calcilln]  carlwllatz  (Klnjj}~a,  19“/9; 1 ‘hillips  a n d
others, 198’/).  ‘J’l)c factors  that lilnit  pcdogenic  c a l -
c ium cahx~ate  al )1 ~:ar tc, be the source of calcium
ant] tllc availability of ]noisture  (hlacllctte,  1985). If
t}wre is too mucl  1 I Ilc,ist  ure, l)owever,  tile elements
will be f] us}lod frmu t? (C profile, exj>lainillg  why pcdo-
gcnic catbcnlatc  is l]ot  found  ill soils of humid lands.

~arl~  durinc  soil dcvelo~nncnt,  calcium carbonate
~n-eci~,it::tes oIIi4)  soil }mriiclc!s,  then it p r o c e e d s  t o
occupy ~ m-e Sp:icc,  al ~d UI tilnat~!l y it clil atm the soil
with forl nation of a lriassive  ald I)car]y  ~nrre  horizon
of “ta lc)  etc” ((; ilc a])d  ot]lcrs, 1903;  llach:nan  a n d
Maclletb’,  1977; }telwis  a]id o?.]wrs,  1992). I’edogenic
carbo]laic  }n-ccil]itains  01] sand and silt, but this can
be qua]lt  ified o]lly wit],  difficulty (Jteheis  and others,
] ~~2).  ] 1“ tile scdil  1 IC] Its are gJ’aVC!lly,  h o w e v e r ,  the
early  st;:ges  of soil dew:lo]  nne]  lt are cl]aractarized  by
tile fOrJllin~ of calci[lll,carl)o]]atl:  cc)atinga  olI  the bot-
tmns  of ~~ebt)les  (Fi[:ur e 1). ‘1’Im t.hick]~mscs  of these
coatings are easy to II If:asure. ~alcium-carbonat.e  de-
velo}mc[it  has Ilot ]nwgresse d beyond pebble-bottom

1 hc!re.coatiligs  ill tl]e ldalio soils discusw
‘J’hc t t )ickncxw of tllc.se coatings i~)crervses  with time

(~igurc ]), but several fmtors  Producc variability,  Like
luost soi I propcJ-t  i t s ,  t]lc tllicklmss  o f  pebtde-bottom
c o a t i n g s  cllallgcs wiLll  dc~ ~t~J  fYigure  2). ]n acldition,
carbonate coatitlgs  on stor)es  frcnn a single  horizon do
not all  Ilave  tl]e s:il)lt’  t h i c k n e s s  (l+’igur-e 2). I)oth
~aeasurtlucnt  techniques and natural variability
lnust. be addressed wI1(]J builcli]  lg a cllrollosequence.

Mcasur(-ment  c~f Cclating Thickness
‘]’l]e \]sc of {~~rl~))]at~!-coatil~g  thickness as an in-

dex of soil age was  ])iotlecred  ill Idaho by I’ierce  and
Scot t, (1 !)82) al)d 1 ‘imcc (1 985).  ‘Ilm  actual nleasure-
] uel~t of t}le thick]  1(.ss of a coating is relatively sin~-
~)le; all (,llc  l~as  to do is break the stone it~ half, find

1 lamil  latml  Iuacrostructure,tile thickest, coating wit  1
a~ld  n)e;isurc  its tllicklmw.  For  research purposes ,
coat.i~lg  t}lickncss  is II Icasurecl  with a comparator -
m) il)ex}wllsive, l,a], d-l)cld  o])tical  dcwice with  s l i g h t
)aagl]ifl(atioll  alld a scalecl  reticle  that is placed on
the objc.A  twin~ )ncasllred. ‘J’lle filmst  graduation of
the seal{  is 0.05 ~nl]l.  For educatiorlal  ~mrl)oses,  coat-
ings cm] be lueasurcd  wit]l  a sce-tl]roug}l  ruler and a
ILanci  lens. Carbo]lati:  ccmtings  exhibit  a  v a r i e t y  o f
growth forms or  ] nacrostructurm  (Fi~ure  1), but
]neasur{~nents  of tllicklmss  slIould be r e s t r i c t ed  t o
larninat~d ~~arallel layc!recl)  coatings  or structureless
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Figure 3. The thickness of calcium-carbonate pebble-
bottom coatings plotted against the b-axis diameter of
the stones hosting each coating. A correlation coeffi-
cient of CI.02 indicates that stone size does not explain
the variar,ce in cclating-thickness values.

break  t]if: stones, ]liomurc  the coatiJlg  t h i c k n e s s e s ,
a]ld gem,ratc  a ])]ot ]ik(: Figure ‘2 ill tile field. Visual
itlsl~!ctioll  of tllc l,lot reveals LIIC locatiol)  of the 20-

——-..——-—.——— --ll “CIII  thick Ilorizo]]  cwlltaiIlillg  the tl]ickcst  coatings or

Figure 2. Soil profile showing the thickness of individual
pedogenic calcium+  arbonate pebble-bottom coatings as
a function of depth below the soil surface. The index
of soil age used in this study is the mean thickness of
pebble-bottom coatings from the 20-cm thick horizon of
maximum carbonate accumulation, In this example 1.0
mm is the mean of the samples from the 2040 cm depth
interval.

coaiings  with smcdl  surfaces  t,}lat  arc ~Jara]]cd  h the
contact of coating and ~ w.bblc.

Since t]lr! t,llickncsses  of Jwc]ogeIlic  carbonate coat,  -
ings  vary  wit}]  depth  il] tllc soi l  (F igure  2) ,  }’im-cc
(] %b, ]). ] 97) nmasurcd  t~lc “thickImss  of iaminatcd
ca]cium-mu+onatc  coats  frcnn  t.l]c uI~dcrsic]c!s  of ]imc-
stmm clasts  collect.ed froln  a dc~~th  in tlm soil where
coats are the Ll]ickest.  ” 1 lecause  coatings on pebbles
from a single  horizon do not llavc  ~nwcisely  t}m saruc
thickness, he averaged the thicknesses of at least  20
coatil~gs  froln  tllc best-dcwcdopcd  carbonate  horizo]l,
For practical reasons, we have  moclificd  the nmthod
in two ways. First, we lncasure  tile thick:  less  of coat-
ings  regardless of pebble litllology.  Sccolld, wc aver-
age the data for coatil~gs  Lakcn  from a 20-cn] thick
dept]l-inimwal  ( f o r  exaln]>le,  }“igure  ~). ‘J’his al]ows
one to excavatm  a soil ]jit ill 10 cm depth i~lcren~cllts.,
setti~lg  aside at,  least  10 pcbb]cs  f r o m  e a c h  d e p t h
incrcmel~t.  Aftm  the soil pit is 50 or 60 CJU drop, we

iIldicatss  wllet]ler  the ljit  s] Iou]d  b e  decpemc] aJld
more data co] lcctml.  For cducat  ions] purpmws,  it is
c!asiest  ttl cc)llcct  sa]llpl(s  from stream-cut or roacl-cut
cxposurc,  Ls.

Reproducibility of Coating Thickness
Whel]  buildi~)g a c}lro~]cJsec][lel~cc,  it is important

to evaluotc  the rc]iabi]  it y of the soil-c]eve]o~)ll~cxlt  in-
dex. We cwaluatn  tile reliability of coatirlg-t}~ickr~  ess
valum  tNlow, usi Ilg dalti  froln  soils on the youngest
alluvial falls in t}le stu(ly  area. First, one should con-
siclcr  factors wit}~i~] tllc soil that lnig]lt  coxlfound the
rcsultjs.  l>or  exaInJ)le , si~lce  tile nlcasuremellts  w e r e
o f  ~wbbl(,-bottoll]  mat  illgs, fine-textured soils con-
taini]lg  1[ss  t.hall %% gravel  by voluIne  were avoided
because  of the diffcxxmt ll]odc  of carbcn]ate  dt!position
i]] those soils,  We were  also co~lcm-ned  that tile size
of a pebb]e  might  iI lfl UC]  )c< the t~lickness  of its carbon-
atn coatil  lg. ‘1’his  is ~Iot a  problem as i l lustrated by
h’igure 3 wllerc  tlw c]ah  aw fc)r ~x:bbkm  taken from the
cw-lxxlat~  horizo]l  of OIW  soil. Tlw  thickness values are
scattmed  but are  not  de~w]  de]  It on b-axis  diameter
within tl)e  range sanl~ded,  wllicll  was 2 to 15 cm.

Soils are rarely  idelitical  even in IIearby  soil piLs.
lhcause  of this  ~,atura]  variability, we evaluated the
at-a-site reproducibility of n~ca~]  coating thickness by
cxcavatil  ig four soil pits illt o the Willow Creek allu-
vial  fall. ‘]’hc fivcrrigc  o f  t]le f o u r  Inean-thickness

Journal of Geological Education, 1994, v, 42, p. 319
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Figure 4. The mean thickness of calcium-carbonate
pebble-bottom coatings plotted against the altitude of
soil sampling sites. A correlation coefficient of 0.00 indi-
cates that altitude explains none of the variance in mean
coating-thickness.

vcilucs  is 1 .09  mm,  a)]d tl~c rallgc  is 0.9 to I .23 ~nla
or 17°/0. Mcasurcmrnlt,  of at-a -sit~ variability is f,l)e
easiest wrr~ to incorporate t l)c subject of rqwoducibil  -
i t y  into a f]eld  exercise.

Soils of one  age  also vary amol)g  sites because  of
differing micro-clil]late.  ‘1’llis  is evalurrtmi  using data
from 16 soil ~)its  on 8 late-glacial alluvia] fans. ‘1’he
averaged  ccmti~lg  tl)icklmss  for tl)esc  sites is 1.07 Inln
and the  range  about that average  is ~ 0.1 G ~mn  or
15?40. The amo~lg-site vrrr-iabilit,y  is tlw same  as the
at-rr-site variability. ‘l%c 1 G soil })it.~ differ  i]] altitude by
m much as 275  m (900 fec!t),  but, as sl mvn 1 on l<’i~~ury’
4, mcm.  coating tJlickncws  does not dcjmld  011 site alti-
tude.  At mmt  of tlmw sites, 80 to I (D?/o  of the ~x!bbles
within the soil are calcareous (limestone  and dolomite),
and wit}lir~  that limited rarlgc  tlm t}lickl  less of cmatir]gs
does not dcyxvld  on paml~t-material litlmlogw.  At o] w
site,  only 1 40/0 of f,l Ie pebbles witllirl  the soil me  calear-e
ous, arid  the mean coatir~ thick]mw is O.W -- thin but
still within tlm rar~ge  of the otlmr  data. S~xv.ific  ]aimc-
climate variab]cs  like ~in~)ual  prcwilJitatioll  cannot  be
evaluated, but wc wo~lld  cautiol  1 a~ailwt  a])])] ying ckita
from “dry” sites to the chrolmscquelwc  presented
here .  I)JY sibxc can be ident i f ied  by ] ) vegetation
cover that is more sparse than that at the W i l l o w
Creek type locality, ‘2) tlm ]n-esmlce  of prickly ~mar
cactus, or 3) it le }mwelme  of pedogi?l  iic gy~)sum  dee]]
in the soil.  For ~]cld exerc ises  elsewllerc,  use sites
with similar vcgc!tatiol~  for your cllrollosccplence.

‘Me fil~al  reproducibility issue is whether the re-
sults dcpcmd cm the person lnakir~g the: observation,
a n d  this tm can bc easily  inccqroratficl  i~]to a f ield

cxcrc.is[.  W e  evalllatld  this  usi)]g clata  i n  }’ierce
(1 985)  ;tnd 1 ‘it:rcc  a~ld Scott (198’2)  for  ]anclforms
a l o n g  t  }lc 1 mst l{ivc,  r fault lmf,wce~l  the towns of
hfiackay  and Arco.  ‘1’l)c six cc>:itillg-t}lickl~[lss  v a l u e s
for tile ltar]lsl]orll  lail,st-{:lacial  alluvial fall  average
1.15 1111, i with rarlgc! of ~ 0.15 IIlrn or 13Y0. ‘J’lle aver-
age Of data for five lat4wt-glacial  a]]llvia]  fans is ] .()
lam  wit}l range  of ~ 0.2 rtlt]l  or 20’Yo.  ‘1’heir  results are
essmlt.ial 1 y the sail  x as ours. Givcl  ] t.lm considerations
above, v t, ccnmll]clc  t IIat ]t Icarl  coatir~g-t}lickll  c:ss values
should IW accutat~:  to within 10 or 20%0 in t}le 1 ast
ltiver  l’;tl ley.

Age  Colwtraints for Chronosequcnce
lt is very ur ]USU al to find dat~ablc  material for a

ctlrollos~.:cltl[:r~cc, aT )(I isoto~)ie clatirlg  i s  ex~mnsive.
‘l’hcrefcjrej  teac}lcrs  wijl  ]] lost  ]ikel  y use soils as a tool
for cletmw,illing  relative age basecl  o]~ the knowledge
that  ca] boll ate coatil)[;s, l ike  scale  in a tia ket t le ,
tl,ickerl wit]] tirnc. No)letllclcws,  i t  i s  instruct ive  to
am  ]~ov llLllllC’l”iCa]  a{;,’  COI lstrairlts  are il]corporated
i]lto a c}Irc)llc)seclII[,I1c[\.

We win-c cxcq)t io] ,all y fortunatp to discover date-
ab]c  lnotcria] awwcialcc] v,’itll  a scquerlcc  of soils that
[im silllilar but cliffcr ill afy:.  F,acll soil in th(! lmst  River
cllrorlos{ ,CIUCV  ice (J’a})l[,  1 ) has al 1 age co]lstraint  (Table
‘2) as d i.scussc!cl  Ix>lowr.  It slIoL]ld  be statncl f r o m  t h e
outset  tl lat it is i~n~  w:sibl~,  to d[>tm-lni~le  tlm exact age
of ri soil, ratlwr t llc scim itist LWCS clatcab]e  matm-ial  ancl
[ywlogie  relatiollsl)il  )s tf~ co] wt.rair)  tlm soil’s age.

‘]’}lc ideal circurl,st ii]l~(  is to fillci charcoal or wood
i~l a strtituln  lwsit  i(~ll t hat is clearly youngm  or older
tlla~l  a sc)ilt  For [xitrti])l~,  at tile ltlkllorl~  Creek  s i te ,
dataabl(  ~ Inaterial  was ciiscoverecl  with clear strati-
gra])l)ic  rclatiollslli])s  to soils as illustrated on Figure
5. ‘Jlle  sit<’ is close  to tile bcmllcl~.ry  of tile SW and SE
cluartm-s of Scc[ io)l X;; ‘1’ 6 N, 1{ 22 E. I+lkhorn  Creek
is i)lcis(cl into a ]mnnilmllt  alluvial fan, and the par-
cllt lllfitm-ial  f o r  tllr<.c sc)ils  (1’;4,  FJ3, a n t i  F.]) a r e
debris-flow dcqmsits.  ‘J’tlcsc  clc~)c)sit.s  consist of sandy
to loan,>  ~ravcl  colltaillili~  lninillla]  amounts  of  s i l t
ar]cl  clay. ‘1’tle  dcjx,sit  c)f soil Jt4 i+ underlain by an
orgarlic  llorizol  I (a forl ) lrr soil surface) t}~at contained
w o o d  s:i]n])lc  A-[>] ‘/1, al~cl  t]le clcposit  of soil H3 is
urldcrlf]  ill by all or[::il)ic  l)cwi~.c)ll  that colltaild  charc-
oal salllplc  A-51 68a.  ‘J’lle  ages  of tllc wood and char-
c o a l  saln}dcxa  am,  tll(,rcfore  Inaxilnurn  ages  f o r  t h e
overlying soils. Sa~I)~)lc A-5171 also provides a mini-
]nuln  rr}:e  for tllc Illldt,rlyillg  clcy)c)sit  l]osting  soil 1;3.
‘1’lw IEU m]t IIlatcri}ll  for sc)il 1’;1 is a thick ancl  exten-
siw! c{cjosit  restill{:  o]] a b lack orgal~ic l)orizon  w i t h
abul~clfi)lt charcoal (A[]l  C}7a) that yi[!lc]s  a maximum
age for that  soil.

Stral  i graph y also  a] ]c)wed  LIS to urlc]erstand  the
age! rcl::  ~iollslli]m  at l{ock Creek  (NW  cluarter of Sec-
tio~l 3; ‘1’ 9 N, 1{ 22 1’;). ‘1’IJc  two ltock Creek soils (R1
allcl  ]{2)  are ck:ve]o]  wd il ) a late } Iolocene  terrace and
an: (!x}~ m{] irl  a str cal n-cut  just u] drcan  of tile 19S3
Ihrah  I ‘eak  czirtfll(luake  ru})ture  trace.  T h e  fluvial
deposit:.  are  sal ldy g, ~tvcl wit.1  I tllirl  surface layers of
silty  sallcl.  in the lal[., 1 lo]ocelle, a c}lanld  was  cut

Journal of Cicological  Educaticwr, 1994, v. 4?, p. 32(I
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Table 1. Soils used in the Lost River, Idaho, chronose-
quence with soil identification and mean thickness of
calciummarbonate  pebble-bottom coatings. See text for
soil descriptions. Each soil has an age constraint
(Table 2) that is a maximum (age estimate is older than
soil), a minimum, or an estimated age range.

—.——
Age Constraints for Lost River Chronosequcnce

into t,h[  parent  lnat[,rial  of s o i l  }{1 a~ld  w a s  sub-
sequently  filled  wit]]  tll{! l]arc~lt  iIlat,4>rial  of s o i l  1{2,
At, tile tontact  of th<, two deposits tllc!rc  is a silty
sa])d  la>wr froln  wllicll  cl]arcoal saln]]lc  A-b] 7 2  w a s
taken. ‘1’herefore,  tllc charcoal must be oldcJ  tl]an  the
younger soil R2 a]ld ~oull~cr t,llan RI.

Crosscutt,illg  relatl{)]  lslli}ls  call  be used k help  con-
st.raill t.1 le agc  of soils. For cxanl~)lc,  wc USCCI  the  cross-
cutting I elatiolwllil  J of tlw 1 ost ltivcr fault  to establish
a nlinin  ] um age for soil }tl at F,lkllor-n  Creek (Figure 5).
‘1’lm  pa] cnt malcv-ial of soil H 1 and the underlying
black }m,’izo~,  can lx, traced  b a location where t}lcy are
displacw<]  by the  ‘1’lmusa)  )d S~wiIlgs  segmm)t  of the I Ost
}tiver fa]llt.  ‘1’he soil surfwx  was ruptured by the 1983
} h-ah  I ‘t!ak  carthquak[!  al ]d the fresh 1983 fault scarp
is locat~d  at the! foot of al 1 older, rounded fault scarp
created by a prehistoric earthquake. ‘I%e age of soil
El can }W constrailwcl  with krlowledge  of the age of
the pre)listoric  [!artll(l~lakc,  and that,  knowledge is
l,ased o], data  froln  a (liff[,rcnt  site where kx,th  earth-
quakes  l“ll~~t[lrt’d  a ]lil]s]o}w  creating a closed  deprcm-
sion.  ‘lT}lis  hillslolx’ sit~, is locatml  near Willow Creek
in the N}’; quartm-  of Scctio~l  17; ‘J’ 10 N, Ii 22 E. A
trellcl]  c’xcavat.ed  across tile cleprcssion  r e v e a l e d
charcoal (AA-4867) at tllc bottom of the seque~lce  of
colluviu  1 n fill in[! tllc dc})rcssion.  ‘1’hat  charcoal must
be youll{;er  tha~l the ~)rellistm-ic  earthcluake,  and the
eart}lquake  i s  young[,r  Illan  s o i l  F,] (Vilment,  i n
]n-c~)arat  ion). lk:ca~lse  w{, nave  both  minimum-  atld
lnaxinll]nl-a,qe  collstraillts,  soils F,] ancl E3 IIave  very
rel iablc ages.
-— —-—

.—. ——— —
1 .aboratory
sanl~lc  #l —

A-51 72—.— .. ——— ———

A-5171——— —-—..
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fable 2. Age constraints for Lost River chronosequence including all infor-
mation important for future reference. The conventional ages arc the dates
provided by the laboratories, in radiocarbon years before present (BP),
with analytical errors. These dates were calibrated to calendar years BP
using (1) the program written by Stuiver and Reimer (1993) or (2) using
data in Bard and others (1990). The 95% confidence intervals (2 o) for
calibrated ages are shown. The conventional age for sample W+127  is
from Scott and others (1985). The age range estimates (in radiocarbon
years) for the latest glacial fans and moraine arc from Pierce and Scott
(1982).

rial is discovc,rcd,  the resulti~lg  a g e
twist raillt  may be less than ideal.
l“or  cxa~))l)l[!, the age of the most re-
CC] lt c:irtllquake  on the Mackay seg-
]IIeIli of tile 1 ost,  River fault helps
illdicatc  tile age of a soil.  Scott and
others  (1 985) report a maximum
agc  for this earthcplake  b a s e d  o n
falllt  -trellcll  stuclies  where a sample
(W-442”/) of “organic mattir  buried
bY colluvium  derived from” t}le  fault
scar})  cr[, atz!d  clurillg  tile y o u n g e s t
eartl}quakc.  We have studied the
soi ls  011 ~l~ally  f a n s  a n d  t e r r a c e s
clis~)lamx{  by this event. ‘1’lIe  young-
est t e r r a c e  faultecl  by o n l y  t h i s
cart]  I(lU akc is a fluvial surface at a
sitr  illforlllally  ~lanled “lo~lg  g u l c h ”
(1 ,[1). ‘1’llc  siti  is southwest of Mount
Mc(;aleb  at the boundary of  the
NII; and  S1’; quarters of Section 3 2 ;
‘1’ 8 h’, }{ 23 l{;. We belicwe  the ages
c)f tllc soil (I ,G) and the organic nlat-
tcr (W-4427) are quite close, but,
Lxwause  bet]]  are older  t h a n  t h e
e:~rtllquake,  t}le true age! of t}le soil
is ul)certain,

w’}lm~  datmablc  mater ia l  cannot
be found)  a g e  e s t i m a t e s  m u s t  bc

Journal of Geological Education, 1994, v. 42, p. 321
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Figure 5. Idealized cross section of Elkhorn Creek showina soils Et. E3, and E4 and the location of dated charcoal
or-wood between deposits. The ages indicated are calenc~r years before present, The crosscutting relationship of
soil El and the Lost River fault is also shown. The fault ruptured it] 1983 find r~l.scI just prior to ten-thousand years
ago.

based o n  infermlcc:.  F o r  exam],le,  agc ranges  have
been estimated for t,llc In-on~i~mllt  lat~st-glacial allu-
via l  fans  allcl  glacial Inorailws  in {lie study  arwi  by
Pierce  and  Scott ( 1  9 8 2 )  and l’ierce a]]rl Colnla]I
( 1986 ) .  l ’he ir  age  ranges  are ]1oL basccl  on clatcable
m a t e r i a l  found  in  t,llc study m-ca, rather  Llley  arc
cst,imates  based  o n  r e g i o n a l  corrclaticnl,  clec]uctive
reasoning,  and c.orroborativc  cwiclmlcc. Wc use their
age range  of 14,000 to 15,000  years 13}’ (radiocarlxnl
years before present)  for tllc late-glacial alluvial
fans,  and the age  of full-glacial Lilac  (1 8,00(-20,000
y e a r s  11}’)  is a s s u m e d  f o r  latmst-glacial  moraillcs
(Table 2,, For the late-glacial alluvial falls,  the coai-
ing  thickr,ess  of 1.07 nun 011 ‘l’able  1 is tile average c)f
data  from eigl~t alluvial falm.  ‘1’lw coating thickness
of 1.4 mm is from a soil at tlm foot of the  lat[!st-glacial
terminal  moraitm  at Cedar Creek (NW quarter of
Scctiol~  10;  T 9 N, R 22 it).

The last issue il~volvcs  tlw lncanil~~ c)f radicxarbon
a g e s .  lsot,opc  l a b o r a t o r i e s  rc])ort  rarliocarboll  ages
based  on a calculat iol)  that embodies tile  assum~iion
that the l~C col~te]lt ill atmospheric CX)p }las  bcw 1 cons-
tant,  but this  assun~}iio~l  is not slrictly  true (Stuivcr
and Reimm-, 1993). ‘I%e result  is a llo~llilwar distortion
in t}le  lW time scale.  Fortu]  latnly, radiocarbon ages
can  be eonvcrted  i n t o  calm ldar ywuw,  and we h a v e
made this cmwersion  for all agc  CO] lstrail  Its OX1 ‘I’able 2.
Radiocarbon ages  younger t}~an  about 10,000 years can
be calilwated  us ing tmw-ri[~g  cllrm )ologics,  T h e  b e s t
avai lable  mcmns of calibrating olclcr  ages utilizes
paired nmasurenm~ts  of ~lr[tl]i~lll~tllori~lll~  and radio-
carbon in corals  (1 h-d  and otl m’s,  1990).

Result$  and Ccwrclusions
‘1’lIc resultil]g  1 .0s1 l{iver  cllronosec~ucmce  is illus-

trated  011 F i g u r e  6. ‘J’llc  t h i c k n e s s  o f  pedogenic
calciul] ) -carbcx  ]aiz: pf~bblc-bothm coatings increases
progrcxsivcly  writ}]  ti[)~c. 1 lecaum of past changes in
clilnatx  ancl  otllr:r  faders, soil ~n-o~m-tim  do not nec-
essm-il~  cl]angc  iil,car]y  wit}l  time  (Machettm,  1985).
‘1’lLc:  t}lickel]i~~g rate for ]wbble-botlo]n  coatings in the
stuc]y fires aplwars  to nave ranged between 1.1 and
0.4 n~],lfl  O ky (nlilli)l,cters  pc!r tml  thousanc]  years).
The  aw rage t}) ick[:~]  i t]~ rati,  however, over the past
10,000 years is 0,56  ]1111~1  O ky and is about  6 or 7 x
1 0  L rnlliy  for tllc  ~)iist  2 5 , 0 0 0  y e a r s  or so. T h e s e
r e s u l t s  are  c~uite C1OSP tc~ the long-term  a v e r a g e
thicke~lil~g raic  c)f 6 t 1 x 10’) mntiy ca lculated by
l’icrce  (I 985)  for t il]~c ])criods  of 30,000 tn 1 6 0 , 0 0 0
years. 1 ‘icn-cc’s  ratm+ are  based on urw~iuntithorium
iscwliroll ages of ilicliviclua]  layers  within carbonate
coatil~~s from 01 c1 soils il 1 Llle  1 ,ost River Valley,

Cl)]  o]loscq(]e]icc!s  call be used  i n  t h r e e  w a y s .
First,  ( ]lrollos[’cl[l[rlc~s  ctill  be used to increase our
ullclcxxtancling  c~f t}lc }nmccsses  that fornl  soils .  For
exanl~)le,  the lli~llcst ratn at which coatings thicken
has  owurrcd  cluri]lg  tllc ~mst  1,000 years  (Figure 6),
but this cannot,  be easily  ex~)lained  by w)~at  is known
about 1 loloce~~e clil~]ati:s  (Ilavis a n t i  ot}lers, 1986;
Ikisw(ngcn-,  1991;  W’llitlock,  1993).  OnP plausible ex-
plan at ion, a~~cl  a COI )cel)t  I lot yet discussed in the
literat~lre,  is based  cn] the  fo l lowing observat ions .
F irs t ,  ~nost  ol(lcr  :Illuvia]  dc~)osits  are I~ow h igh  and
clry, co] nplctely  al)al Iclc)l led try dcwp-stream incision.
‘J’his Illcans  that lnc]isture  for soil-forming processes

Journal of Geologica!  Education, 1994, v. 42, p. 322
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is fhrivecl  sololy  from rain or sl)ow  falling directly 0]1
the surfme.  In contrast, young stream  terraces  may
be only patiirr]]y  abmdoned  because  they are  often
only slight.] y incised by the stream  that  formed them. 1 f
so, the dcpositi  occas ional ly  receive  ~ooisture  f r o m
overtmnk  flooding that  should increase ratm of soil for-
mation compared tn sites not subject to flooding. l%e
deposits  containing soils It2, }{1, IVl, allcl  R3 are  only
sligl ltl y incisecl  by lmarby  st.realns,  and the.w are the
soils that indicate that the rate  of thickening of coat-
ings has been most rapid during tlm past 1,000 years.

Chronoscqucncws  can be used as a tool tQ estab-
lish regional correlation of I and forlns  al Id the tinlillg
of regional ]Jhenolncna,  such as climati  change.  For
exan~~)lc,  along  the M~ckay  scg]nont  o f  t h e  1  ost
River fault there  are l~ulnerous  slnall  alluvial cones
emanatirlg  f rom smal l , steep watersheds on the
range front. ‘J’lw al Iuvial  COINM }Iave  soils with rather
consis tent  carbcnlati:-coatitlg  thic.kncssm  that aver-
age 0.73 with range of i 0.2 Inn]. Applying  that coat-
ing thickness tQ Figure 6 illclicatcs  that the deposits
are about 12,000 years  old. Alt,hougl] ~lot comparable
in magnitude to tl~e major c~)isodcs  of gravel  dc:]}osi-
tion (1’ierce  and Scott, 1982), t}my rc]n-esent  the last
Ple is tocene episode of  gravel  dcj)osition.  l’alcobo-
tanista  have shown that about, 12,000 years ago the
climate  of the a r e a  w a s  i n  transitio~l;  it had  been
cold but transformed into the warln  and d]y  condi-
tions of t}le early 1 lolocenc  (1 )avis  ancl  ot})ers,  1986;
Ileiswmlger,  1991; Whitlcwk,  1993).

]fist],y, chra IOSPCIUCIIMX can be USN] to e s t a b l i s h
the  age of local eve] ,ts such  as fault ing.  Along the
Mackay segment of tlw 1,ost  River Fault, the youngest
mrthquitke  occurred a}bout  5,000 years ago, but the age
of t}lc next oldmt  eart}lqunke  is unknown. This earlier
cart.l~quttke ru] ~tured t l)c surface of promirlent  late-
glacial  [~lluvial  fans (7’able 1) but did not rupture the
surface of the small :illuvia]  cones mentioned above.
‘1’his il]<licatcs  tile eartl}quake  occurred  s o m e t i m e
between] 12,000 alld 1 ‘/,000 years ago.
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